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CONFIDENTIAL

SMQKE m INVESTIMTIOH OF A FLAP
CORFIGURATION DEVEI.O?ED BY CHASE AIRCRAFT CJs
Report Wo. 2LS :
Project No. MR 212-Cil Contrsct N6 onr-27016
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Y. Smaxg:

At the request of Mr. A. Sstin of the Air Branch, 0ffice of Navel
Regeerch; smoke Lunnel investigations of a flap configuration suggested by the
Chese Aircraft Co. were mads t» the 2% x 36" Smoke Tunnel located st the
rorrestal Resesrch Canzer of Princeton University. For comperison purposes o
ctudy 3 also wmade of & similsr section equipped with a standard NACA single-
giotied Tiap. Tha smoke tummel wse sble to give a clear picture of the action
>f both flevs and to suggest means of posgidble improvement in the Chase flap
+alch when made reasulted in its performence being eguivalent or slightly
superior to the gtandevd HADA flsp. Fhotogrsphs of the fiow over the two flaps
sre included.

2. zptroductigg:

For some time, there has beer o geowing fesling that the provlem ¢f
obtaining aigh 1ift for certain types of sircraft has become seveve enough to
warrsnt the investigation of any medification whichk hoids out any hope of
imerovement of the situation even thougb thia modification may be in the form
ol a refinement and the promised improvemeni smsll. Accordingly; when on
Nov. ¢, 1953 Princeton University vwes conincted by the Chase Aircraft Co. it
agreed to meke a preliminary investigstion utilizing the 2" x 36" smoke tunnel
o determine if tie suggentsd flsp modification had sufficient merit to
warrant dztailed investigaiion. These tests were conducted for C.N.R. Contract
No. H6 cnr-27016 under whi:l Princeton University is conducting high 1ift
ressareh. ’

3. Discuseion:

In order to conduct these tests, Chase Aircraft Co. supplied two modals of
the NACA 23025 type of 2' chord and 2" span allcwing them to be mounted divectly
in thke amoke tunnel utilizing the stendard model mount. These models were
equipped with plexigiass sides to permii the easy viewing of the [low througa
the flop tunnels or slots. One of these models was supplied with the standazd
WACA flsp, the othey with the Chase flap.

The Pirgi teats mede were merely exploratory tesis mede to determine if the
erxche tunnel oould show the fliow phenowens sought and if either flay showsd &
marked superiorisy. The resulte of these teats indiceted that the ancke {annel
conld in fact e wsed for this type of investlgsilion end that vthe NACA flap
was considerably superior to the Chase flepy in its operaticn. It was felw
hhat the Chase flap was being penalized by the nsrrowness of 1ts slot and thet
T the comparison between ths two were {0 be valid the slol dimensions must dbe
vede Yo coincide. It was alao found thet the flow teunded to separate from the
wide vane as it was arvanged in the original design. When this was changed
‘< rom the confipuration shown in Fig. 1 to that of Fig. 2 so that it functioned
28 & hood msking the flap behave essentiailly like a double slotied flap, this
caperation wie to e great extent aveided and the flow tendency to sttach o the
Fiap improved.

Having made these preliminary investigetions and adjustamente, a
cyatepatlc investigeation of the two wodels was started. Phoisgraphs wers taken
st Tive different angles of attack for flep deflections of 00, 20V, W50 ans A0°,
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at each flap deflection, one photograph depicts what wes estimated to he the
stall cordition. For conditions other than the stall, the two flappad sections
vere tegted at the same angle of atieck to meke pesoibls a direct comprrieon.
¥or these tests the test section velocity was arditrarily sst ac 30 '/ses,

Pigs. 3 to 12 demonstiate ‘iypical flow photographa. The kKey (o these
puctograpis is glven balow:

Fig. Ro. Thotogrenh Yo, Flap Type Flan Deflaction  Angle of Attsck
~ L]
3 CRASE 0 7°-0
3 |
i 23 BACA o° 79-0
3
¢ % CHASE P 129-33
S ) :
{ 25 RACA oo 13%-35
7 CHATR 0% ye.za’
5 < :
L oz7 NACA 200 ¥°.28
8 CEASE 200 80"
¢ ]
~ ¥
(02 HACA 200 80-40
" e i Q 3
oz CHABE 5" 3737
7 ) ,
2 32 HACA Ll 3(-‘4_,3?
v
013 CHASS 45° 1°.0
&
?
33 BACA b5 749
2 y $
- Ol CEASE 45° 10°-18
9 Y - e
] 3 HACA 156 10%-19
)
15 CRANE Bs¥ T e )
10 ; ) o,
’ 15 Bl BE> FERE- T
..
16 CHEASE 607 o~
1l 5 "
36 RAZA £0 ¥
> ™ 7 #9 - {
19 CHASE Lo 10%ag
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32 Fada e whoag
tetzilad analysis of these figuves yields s foirly sommlete understanding of
{he phenomens cencernsd. FLg. % oomparss the flow over ke dun pyofilse &t a
modeyete asgie of attack with the fiaps up ey S ohe upper eurfacs
ghovs oo cosenvial dliference in whe fiow sabi s s a2 proliis
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with the NACS {lap seems (o have a slightly later itransition than the profile
with the Chsse flapy. This is probably due &2 the facl that sithouah the slol
is suppoeaedly nealed actusily a flow doesz 2vist as can be seen by csrefully
2xemining the figure. On the lower surface the difference is more marked.
The flow has a stagnation point on the leading edge of the reiracted NaCA
flap whereas the Tlow over the under surface of the proiile with the Chase
flap is completely smooth. Fig. U demonstrates these same phenomens 8% 8
higher angle of sttack. Again the profile with the FWACA flap seeme %o have a
smaller vegion of separation and demonstrates the same stesgnaticn pattern on
the leading edge of the retracted flap.

¥ig. 5 mhows the profiles again at a moderate angle of atiack, nut now
with s 20° flap deflection. The flow over the upper surfaces of ths profiles
is =apentially fha same ir the two cades with spparently a slightly better
flow over the flap equipped with the Chase modification. A large difference
in the flow patierns 1s ssén on the lower surfece, the flow enterxripg the Chase
aloy smcothly, but demonsireting a separaticn 2t the entrence of the flap sliot
of the WACA Tisp. Fig. & demonstretes the seme flsp deflection st a higher
angle of sttack, There ic no easentisl change in the Tlovw patterns,

Fig. T represents the case of woderate angle of attack and 45° flsp
defiecticn. The some general charactsristics are demonsiraied, the flow over
the upper surface being essentially eguivaleat in both cases, but with the
Cheee modification decreasing the region of stagnation pressuras over ihe
under surfsce of the filap. Rigs. 8 to 10 demonatyate the affect of ivcreasing
sngie of gttack. The streandine pattern remains unchanged in 1ts basglic
charasteristics,

Pig. il shows the prefiles i e zero angle of attack with s 60° fiap
deflecticn. In the case of the NACA flap it can be seen that the flov ie not
attrched to the upper surface of the flep while for the Chase flap 4t is. 1In
this casze the Chase configuration is clearly superior in that the flow through
the slot gives a local attachiment {the mailn £low is geparated). This
sttechnent end reatriction of the stagnetlion veglon will probably result in a
lover dyvag for a given lift. 1t will, however, be seen from Fig, 12 that an
increase in angle of attack produces a esperation over the flap so that the flow
picturss for the 4wo cases are again much the sanme.

. Conclusions & Recormendstlons:

Ag £ar as can be detarmined {rom the smoke tunnel iavestigations, the Dlow
patternz over & profile ecuvipped with & sinply slotted flap and a profile with
the Chaae moddified flep are very nesrly the same. ‘The flow uver thﬂ lover
surface of the profils equipped with the Chase £lap seems considersbly cleaner
than that of the NACA flap. However, 1% is dangercus to conclude that with
the flap deflected this will resulil in & lever drag as the saving will ve, at
least perlisdly, icst due Yo thz increased skin friction drag caused by the
air passing through the long flap tunnel nnceeeitated by the Chase fiap design.
With toe flap retracted the Chase flap gives better lower surface flow. awever,
as this is s region of Teverable pressurs geadicnt and there is no denger of
separatlon the advonteges of sesling a gap locsted towsrds the rear of the lower
gurfacze are hound e ke less than Tfairing & simdlar gup located on the wpper
rurfase.
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The conclusior that is reached, then, is that the performance ¢f e two
flaps wWill be very mearly the same. It 18 probable thst the performaaoce of
the Chasc flap can be still further improved by careful design and dewveliopment,
{possibly by making further use of the smoke tunnel for this purpose) but 4t
will Pe pessible to determipe whether or not the emdded performance is worth
the added complexity snd weight only by careful. gnd extended wind hannel
messurements .
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